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1.0 INTRODUCTION

A 100 element silicon integrated circuit photosensor array has been

developed that when used with a coherent A-O processor allows the real-time

I excision of narrow band interferers (1MHz) over a large instantaneous

I bandwidth (10OMHz). The fundamental operations necessary to perform this task

are the transformation of the signal to the frequency domain (retaining both

5 amplitude and phase), point-by-point multiplication by a prescribed excision

function, H(f), and transformation back into the time domain.

5 The combined system of the sensor array, which provides the excision

function and conversion to the time domain, and the coherent A-O processor,

which Fourier transforms the signal from the time domain to the frequency

domain, provides the function of a programmable notch filter. Two designs

Uof the photosensor excisor have been built and tested. They are both

contained on the 5066 mask set. The more conventional design consists of a

linear array of 100 photodiodes connected to two output buses through a bank

of MOS transistor switches. In the second design, the photodetector's output

signals are steered to the preselected summing bus by electric field switches

t which have a wideband frequency response. The wideband frequency response
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is possible even though the signal currents maybe very small (lO 6 amps).

The excisor chips have been extensively tested and used in several coherent

A-O signal processing systems. Two papers are included in the Appendix. The

first paper details the use of the device in an A-O signal processor

configured as a sub-band filter while the second paper describes its uses as a

100-point programmable correlator.

2.0 TECHNICAL DISCUSSION

The 100 element photosensor device is intended for use with an A-0 signal

processor to form a programmable electrical notch filter system. A block

Udiagram of the photosensor architecture is shown in Figure 1, and of the

coherent A-0 system in Figure 2. A description of the A-O processor is given

below. A laser beam is passed through an A-O Bragg cell which splits the

incident laser beam into deflected and undeflected components. The deflected

beams are caused by the moving volume phase grating formed by acoustic waves

launched in the Bragg cell by the RF driven transducers. These acoustic waves

modulate the A-O cell's index of refraction in time and space. The modulation

produces deflected optical beams which for our purpose are spatially resolved

and correspond to the RF signals applied to the Bragg device. This operation

U corresponds to an instantaneous Fourier transform of the applied RF signal. In

addition to the frequency to spatial transform, each spatially resolved

optical beam is doppler shifted in frequency corresponding to the applied RF

signal. Thus, the resolved optical beam will have frequency components given

by (Vo +Y*) or (Y- Y) where is the applied RF signal andY"o is
00 0

the optical frequency. The direction of the acoustic wave in relation to the

reaio h
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optical beam determines whether the diffracted optical beau is doppler

up-shifted or down-shifted. The undeflected laser beam of frequency v is

also imaged upon the photosensor array as shown in Figure 2.

Since the laser is a coherent source of optical energy (within a given

I

path length), the superposition of the zero order and diffracted laser

wavefronts reaching the array produce optical mixing. The mixing operation

occurs because the photosensors are square law detectors. The intensity

* profile is proportional to the square of the summed wavefront amplitudes. The

result ant intensity in a resolved spot will contain frequency products of

and the doppler shifted frequency (V"o + V'*) amd(y-). The result

I from the mixing operation is a component at 2V o + V* (or 2Vo-V*)and V4 .

Since the lasers optical frequency is around 1014 Hertz, much above the

i passband of the sensor, the sensor will only respond to the lower doppler

shift frequency beat note located within the RF band. Each pixel of the

I sensor, occupying a different spatial location, will receive different RF

frequencies. However, each pixel must have a sufficient frequency response to

accommodate the beat note frequency present in the mixed optical signal

intensity. A detailed theory of optical heterodyning is presented in Appendix

A. The mean-square beat signal power resulting at the load resistor is:

S=21 112RL

where I is the signal photocurrent and 12 is the zero order pump

MI NE



photocurrent. Since 2 is usually much larger than I the system response

is linearized. The power gain, comparing the case of optical heterodyning to

direct detection,

G-21 2/I1

For small signal powers this gain can be in the range of 105 to 106.

The photosensor architecture, shown in Figure 1, along with the coherent

A-O processes described above implements a programmable notch filter. As

shown in Figure 2, each photosensor element has two switches that connect the

photosensor to either summing buss RF1 or RF2 . The state of the switch is

controlled by the DATA pattern stored in static shift registers that are

located on either side of the photosensor array. Complimentary data patterns

Ii are stored in the two shift registers so that in each pair of switches

connecting the photodiode to the output summing busses, one switch is ON and

the other is OFF. The use of complimentary signals to control each pair of

I transistor switches guarantees that each photosensor element is only connected

to a single summing buss at a time.

Thus, the excision function is implemented by programming selected

switches to be in the OFF state. Since each pixel of the sensor will receive

li different RF beat note frequencies, certain beat note frequencies can be

excised. All beat note frequencies not excised will be summed together on a

single output summing buss. Thus, the electrical output will be a time domain

I
'/p, - . ... : ' '
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replica of the input signal with certain frequency components excised. It is

necessary that the bandwidth of the switch and bandwidths of the summing j

buss/input amplifier be sufficient to accommodate the highest beat note

frequency.

3.0 DEVICE DESCRIPTION

3.1 PHOTODIODE/MOSFET SWITCH DETECTOR

A conventional approach for realizing the required 100 element photosensor

array shown in Figure I is to use MOSFET transistor switches for manipulating

the photogenerated signals between two summing busses. In particular, pairs

of transistor switches, having their common node connected to the

J photodetector and the other nodes connected respectively to one of the two

summing busses provides the function of switching the photocurrent between two

busses. Each transistor switching pair is driven by a set of two

complimentary signals generated by two 100-stage static shift registers such

that in each pair only one switch is on and the remaining one is off. The use

of complimentary signals to control each pair of transistor switches

guarantees that each photodetector is only connected to a single summing bus

at a time. The shift registers are externally programmable and are programed

by design, into complimentary states with respect to each other. The shift

registers are serially programmable by a 100-bit-long binary data string.

During programming the output from the 100 photodetectors is indeterminate.



After the device has been programmed, it is ready for signal processing. The

3 Iupdate time for loading the data string into the registers is approximately 2

milliseconds.

Such operating conditions reduce the need for fast shift registers;

however, they do not decrease the need for high quality switches. In

3 particular, the isolation of the switches in their off state must be very high

and the frequency bandpass of the switches in their on state must be very

wide. Both of these operating requirements are very demanding in view of the

low level signals which are being switched. The photodetector's output

photocurrent signals are generally less than luA for ac and dc signals

3 combined. The ac component of the photodetectors output signal will have

frequency terms between 10 MHz and 200 MHz. These signal characteristics

coupled with the small space ( 33um) allowed for these switches requires

careful design of the switching device.

I
3.2 DRIFT FIELD SWITCH DETECTOR

5 A photodetector structure that may allow higher photosignal bandwidths

than the KOSFET switch approach is shown in Figure 3. Two summing busses,

labeled 7+ and -, are the p+ diffusion held at the same potential and

connected to the common emitter transistor amplifiers. Carrier (holes and

electrons) are generated by the laser light (hi) which is incident through the

optically transparent resistive poly-silicon gate and absorbed in the

n-silicon semiconductor. After photogeneration, the carriers are subjected to

an electric field which is determined by the bias.placed across the resistive

I*
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polysilicon gate. Sufficient bias is applied to the two summing busses and

the resistive polysilicon gate to form a depletion region in the n-silicon to

facilitate efficient .ollection of photogenerated holes by the summing

busses. Photogenerated electrons are channeled in the direction of the

substrate (away from the p+ summing busses) which is positively biased with

+15 volts. Bias across the resistive polysilicon gate is supplied by opposing

static shift register stages which are always in complimentary states relative

to each other.

The electric field below the resistive polysilicon gate and in the n-type

silicon region, between the two p+ summing busses has been calculated and a

potential plot obtained from these calculations is shown in Figure 4. A

potential placed across the polysilicon gate is such that the photogenerated

holes will be collected by the left p+ diffusion in Figure 4. For the case

where opposite bias is placed across the polysilicon gate t',e holes will be

collected by the right p+ diffusion. The fields inside the depletion region

will be about 5x10 3 volts/cm. Under such conditiono, the transport of

photogenerated carriers to the p+ summing busses can take less than 1x10- 9

seconds. Operating frequency limitations of this type of collection and field

switching structure will be limited to the dispersion in the time required for

photogenerated carriers to travel before they reach the the p+ busses. This

time dispersion can be limited and reduced by limititg the photogeneration

volume and the distance the photogenerated carriers have to travel before

being collected. Limiting the operation of this detector to blue laser light

should certainly reduce the time dispersion and thus further improve the

frequency response of this device. Also changing the structure so that
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-: electrons are collected, rather than holes, will further reduce the time

3 dispersion and improve the frequency re. :nse. The drift field switching

structure is independent of current levels. The device is realized by

t g replacing each photodiode and two transistor switches of the IOSFET switch

approach by a photogeneration volume and a resistive polysilicon gate

generating a drift field . All the other elements, such as shift registers

and suming busses remain the same as in the case of the 100 element

photosensor with transistor switches.

1 4.0 EXPERIMENTAL RESULTS

4.1 PHOTODIODE/MOSFET SWITCH DETECTOR

SThe 100-element conventional approach photodiode detector has been built

and tested. Each photodiode has two MOSFET switches connected to it. The

1 other side of the switches are connected to one of the two output summing

3 busses. The array has been tested and was found to have a 3dB bandwidth of

125MHz with a switch-off isolation of 34dB.

The off-isolation of the MOSFET switches is a combination of two sources.

iE One is the possibility that charge created in a given photodiode moves to an

adjacent photodiode before being transferred to the power supply. The other

possibility is that the MOSFET switches when turned off are not "totally" off

3 and have capacitive feedthrough. No experiment has yet been performed to

determine which is the significant component.



-- The limit on the bandwidth appears to be due to MOSFET switch. When the

switch is o itacts like a resistor. The capacitance of the photodiode and

the resistance of the MOSFET switch makes an RC low pass filter. The current

design has a 3dB bandwidth both calculated and measured between 100 and

125MHz. The measured dynamic range (maximum beat note signal to noise floor)

is greater than 70dB.

4.2 DRIFT FIELD DETECTORS

A 100 element photosensor device with the drift field switches has been

Ubuilt and tested (Figure 5). The center section of the device contains the

3 drift field switches, (See Figure 6), which are connected to and driven by two

100-element static shift registers. A resistive polysilicon layer,

rectangular in shape, is connected between two bias lines on opposite sides

supplied from two static shift registers that are in complementary states.

U These resistive polysilicon gates are disposed adjacent to each other on a

333um pitch to form the 100-element detector. The definition of the detector's

active area is limited to the polysilicon resistive gate by a light shield not

3shown. The 100-element line array was fabricated and tested. Results

obtained are shown in Figures 7 and 8.

A single RF frequency is applied to the A-0 system shown in Figure 1.

* This frequency of 76.9 MO~z manifested itself on the side one bus when it is

turned on. The amplitude of the frequency signal is -5OdBm (see Figure 7).

When the resistive field switch is toggled to apply the photogenerated signal

to the second bus, the amjilitude of the 76.9 MHz signal decreases by 24dB (see

II
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U Figure 5 - Micrograph of 100 element process with drift field switched photodetectorsmmcontrolled b two 100 elenent static shift reisters.

I

Figure 6 - Micrograph of four polysilicon resistive gatesused to swiT~ t oerctors

in the device shown in Figure5.
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Figure 8) on the one bus and now appears on the second bus. Some amplitude at

76.9 MHz still remains above the noise level on bus one as shown in Figure 8.

The incomplete switch-over of the signal is due in part to the lack of a light

shield on the device tested and electrical isolation problems with the

peripheral off-chip processing circuitry.

5.0 CONCLUSIONS

Both the conventional MOSFET switch and drift field switch photosensor

have been built and evaluated. The measured off-isolation of the MOSFET

switch photosensor is 34dB while the measured off-isolation of the drift field

switch is 24dB. The measured 3dB bandwidth of the HOSFET switch is

approximately 125MHz. The bandwidth of the drift field switch has not been

evaluated. The poorer isolation of the drift field switch is probably

attributed to photogenerated carriers in the bulk of the detector diffusing to

the off-buss P+ collector diffusion. The dynamic range of the MOSFET

photosensor is greater than 70dB.

Analysis of the MOSFET switch approach indicates that both the bandwidth

and off-isolation of the switch can be improved by increasing the MOSFET

length to width ratio. The calculated bandwidths for improved W/L ratios is

approximately 500MHz. Additional silicon processing techniques and circuit

design techniques may allow an additional improvement in switch bandwidths.

There are no inherent limitations to increasing the number of detector

elements beyond 100 elements except for yield considerations.

I

I



APPENDIX A

THEORY OF OPTICAL HETERODYNING

A reversed biased photodiode is a square law detector and can thus be used

for photomixing. Optical heterodyning consists of illuminating a photodiode

with two light fields, the signal electrical field, Elcoswlt and the pump

or local oscillator electrical field, E2cosw2 t. If these two electric

fields are impinging in parallel onto a photodiode the total electric field

will be:

E=Eicoswit + E cosw2 t

The photocurrent output is then

IAE
2

where A is a constant. Substituting the former equation into the latter

yields:

2 2 2
IAE osw,*t+AEcos wt+AE E cos(w, -w. )t+AEE °s(+w)t

Because the detector cannot follow the instantaneous intensity at optical

frequencies it will respond to the average of the first, second, and fourth

2 2
terms. The average values are AE1/2, AE2/2 and zero, respectively.

However, it is assumed that the detector has a sufficient bandwidth to follow

the signal at the difference frequency wl- 2 . thus

, 1/2AE1+1/2AE2+AEE 2cos(wl- 2 )t
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. iIf only the light signal E1 coswvt were present, then

1 I Thus,the beat current output is

i. MA E -°' 2(1 1) 1/2

3I For large pump powers the beat signal current can be much larger than the

current resulting if only the signal were present. The mean-square beat

3 signal power resulting at the load resistor is:

Su 2/2?RL - 2 1 12 R

Thus the power gain comparing the cases of optical heterodyning and direct

= 1 detection is:

G=(1/2)/1 2 - 2 11

For small signal powers this gain can be in the range of 105 to 106.

I
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APPENDIX B

SIGNAL TO NOISE

The noise power output from a given pixel is due to optical shot noise,

dark current shot noise, thermal noise of the load resistor, and referred

noise to the input of the amplifier chain. The mean-square shot noise

response of the pump signal must be modified from the normal shot noise

expression to account for the photomixing operation. The pump shot noise term

will be1 :

12
IAs-2qI 2 (l

+ 2n)B

where n is the quantum efficiency and B is the noise bandwidth.

A noise equivalent circuit for the optical heterodyning photodetector and

amplifier circuit is shown in Figure 9. The equivalent noise current is

12 =,2+,2+2+, 2 r2
eq is +1L +IR nB/Z

where: I is the pump shot noise

IL is the leakage current shot noise

IR is the thermal noise of the load resistors

t1

1. Van der Ziel, Noise in Measurement, Wiley, 1976 p. 189. Physics, 45. p.

379 - 1969.

/ __ ____ ___ ____ ____
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FIGURE 9 -NOISE EQUIVALENT CIRCUIT FOR THE OPTICAL HETERODYNE PHOTODETECTOR
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n is the equivalent noise voltage of the MOSFET
n

Z is the input impedance

The I/F term has been neglected because it will be removed by a bandpass

filter following the amplifier.

Thus eq=2q 12 (1+2n) B+2qlLB+4kTB/RL.,n 2 B/K.

where

En is the equivalent input noise voltage of the amplifier.

The minimum detectable signal is calculated below. The signal to noise

ratio is:
s/N -1/212 RL/I 2

S/10 eqR

where I is the beat current output

1 0AE1 E2 =-2(0 11 2 ) 1/2

Thus,

S/- 2 1 12 /2qI 2 (1.+2n)B2q LB+4kTB/R+E/RL B

if



APPENDIX C

The following two papers were presented at the 1982 SPIE meeting in San Diego.
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optical excision i.n the frequency plane

Patrick J. Rloth
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The cylinder lenses Cl. C2 expand the laser beam to fill the aperture of the AO call.

Cylinder lens C3. in conjunction with the transform lens TI, expands the'reference beam to
illuminate the frequency plane with a flat reference wavefront. If this reference is not
flat, some phase distortion may occur. For the same reason, the transform lens must be
placed one focal length away from the froquency plane and one focal length away from the
acousto-optic cell. -The Excibor detector is inserted into the frequency plane. This
detector (Figure 2) consists of a linear array of 100 individual photodiOdes whose photo-
generated signals may be switched.betweel one of two RF output summing busses. This
switching capability is externally programmable. Tbhs detector architecture &llows the
summation o any combination of the 100 available cot, -iguous frequency bands. All photo-
signals not selected to appear on one summing bus will appear on the other summing bus.

Shift/Starogi Rieter

DATA

.. o,°.,°,.T,.,ory

Omdft/Stae"Roe lder

Fi'gure 2. The Excisor detect~or

The collimated coherent input light is diffracted
7 thromuqh arx angle proportional to

the acoustic frequency present in the acousto-optic call. This acoustic frequency results
from the applied electr_.cal signal f(t) (where f(t) is real). The acoustic wave propagates
through the cell with velocity equal to v. The acoustic signal instantaneously contained
within the cell may be represented as f(t-x/v), where x is the distance from the input
transducer. The AO cell has a finite aperture equal to T. where T is the transit time of
the acoustic wave in the AO cell. This finite aperture corresponds to an apodization of
the acoustic signal such that the signal may now be represented by f t - x/v - T/2). J lso
!or this analysis, the AO cell is assu'ed to operate over an octave RF bandwidth (or less)
and the positive diffraction order is-used.

The optics takes the Fourier transformb of the acoustic signal with respect to the
spaecal variable x:

4i*'/2

F(b.t) - fit - -. e-bc dx ()
-L/2

where L is equal to the length of the AO cell and b is the spatal frequency variable
determined by the focal length of the transform lens and the relative acoustic velocity, v.

x 
T

A change of variables (where u - t - - ) yields:

t-T
It. -)bv l ebvu

F(b.t y -v2bv f(u) a du (2)

-
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Sib,t . ve
-  

- ( bv] (3)

-The exponential phase term indicates the. light diffracted to position b is frequency
shifted by an amount equal to the temporal:.freiquency by.

in addition to the transformed input iign&l; a reference wave is added into the
frequency plane. The reference wave has a flat wavefront which may be parallel with the
frequency lane or intersect the frequency plane at a small angle #.

This reference wave with tilt angle # may be written as Ae) b , where A is the
amplitude of the reference wave. The total amplitude in the frequency plane is equal to
the sum of the reference and the transform signal:

0o(b,t) 2 b - *(bv) (4)

The corresponding intensity distribution is:

1o (b,t JA0 (b,t)
2

)

The detector a:ray is inserted into t-his frequency plane and since the detectcr array
inte:nally s= s the outputs from each phoetodiode, this corresponds to an integration ever
the spatial variable b.

:he ' from the dettcatr array with all :utputs swic.fc., onto one iumm .. ,; 5s is
prcportional to:

J b.t) db -J (bt).Il db (6)

(bv(t _t+ Aejb2 db

- v2 F2 (bv) db + J A2 db + 2 Re I AvF(bv) eb( v(t 2 db )

The first two terms in Equation (7) do not contribute in band frequency components to
the recons:ruction of the original RF input signal. The last term after a change of
variables tu ov) becomes:

2 Re A F(u) eau v du - 2Af(t -()

The last tern. of Equation (7) represents an inverse Fourier transforn of the cricina2
Fc.;rler transfor-ed signal, which yields the original signal with a ti.me delay equal rc
half the time aperture of the AO cell plus the delay corresponding to the tilt ancle of :he
refere:ce )eam.

T.he detec:or allows the selection or re~ection of any combination o- frequency
co-pcnents by switchinq those components onto one of the two summing busses.

Test results

The AO cell in this system has a 20 Mz bandwidth centered at 45 M. and an acoustic
transit time of SO microseconds.

The Excisor detector has 100 photodiode elements which corrdspond to a resolution
bandwidth of 200 kHz..

The Rr input to the AO cell is Pjkndlimited Gaussian noise which demonstrates the
f;lterinc capaoilit'es of this ccnfiquration. Figure 3 is the response to the Gaussian
noise input. An HP scanning spectrum analyzer is the display device illustratinc the
various progra.-atie filter functions. In Figures 3 through 7 and 10 through 15. the
hc:iznntal scale is 5 MHz per division, the vertical scale is 10 dE per division, and the
:F :eslutcn Zandwidth is 100 KHz. Also, in Figures 3 through 15, the noise flocr shown
.s the noise floor cf the HP spectrum analyzer.
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Figure 3. P-sponse to banzdlimited gaussian noise

Figure 4. One diode switched - notch. Figure 5. One diode switched -. bandpasa.

with all b'it one photodiode switched onto one of the susning busses, Figure 4 shows a

20 dB rejection in the Gaussian noise at a frequency corresponding to the selected

photodiode. The other summing bus (Figure 5) simultaneously displays that poqtion:of the

Gaussian noise excised from Figure 4.

J- Figure 6. Three diodes switched - notch. Figure T. Three eiodes switched bandpass.

Figures 6 and 7 demonstrate the fi'ltering capability when three adjacent photodiodes

are switched to one of the summing busses. Figure 6 illustrates a notch depth of 30 da.

This difference is rejection (from Figure 4) may be attributed to crosstalk between

adjacent photodiodes and the capacitance associated with the suming busses.

. 0€
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Figure B. Notch response - superposition Figure 9. Bandpass response - superposition
of three ad3acent diodes. of three adjacent diodes.

Figures 8 and 9 are a superposition of the frequency response from three ad)acent

photodioces which illustrate the resolution of each photodiode. The horizontal scale is

200 kHz per division, the vertical scale is 10 dB per division, and the IF resolution

bandwidth is 100 kHz.

I li.P i 1

Figure 10. Comb notch filter. Figure 11. Comb ban pass filter.

Any combination of photodiodes may be switched between the two summing busses. With

every fifth photodiode switched. Figures 10 and 11 illustrate a comb notch and comb

bandpass filter. The horizontal scale is now 5 MKz per division, and the IF bandwidth is

100 kHz.

Figure. 12. Low pass filter. Figure 13. High pass filter.

with the first 30 elements switched to one summing bus and the remainder switched to

the other summing bus, Figures 12 and 13 illustrate the synthesis of a low pass filter on

one summing bus and a high pass filter on the other summing bus.
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t m t
Figure 14. Cw tone plus gaussian noise. Figure 15. CW tone excised from gaussian, noise.

with the bandlimited Gaussian noise plus a CW tone 15 d2 above the Gaussian noise
input to the system (Figure 14), the photodiode corresponding to the CW tone is selected
and switched off of the observed summing bus. Figure 15 illustrates the notch capability,
which is 15 dB into the Gaussian noise signal.

Figure 16. Reference wave untilted. Figure 17. Reference wave tilted.

Figure 16 illustrates the response of the system to a pulse which consists of a burst
of the RF carrier at 45 MHz. This pmlse input to the system demonstrates reconstruction at
a t-me delay equal to one half the transit time of the AO cell (%25 .microseconds) when the
reference wave has a zero tilt angle. With the reference wave tilted, Ficure 17 illustrates
reconstruction at a time delay equal to 37.5 microseconds. The horizontal scale is
5 ncroseconds/division.

Conclusions

The detectors evaluated thus far have demonstrated a 3 dS bandwidthof 100 MHz '(where
each photodiode in the array has 100 MHz bandwidth). The maximum isolation observed
between the summing busses, which is equivalent to notcl depth for-a single diode. has been
35 dB for a Gaussian noise input.

The laser used to evaluate the system is a 15 mW Helium Neon laser. This laser has
proven to be insufficient to properly evaluate the dynamic range of the detector array.
For optimum dynaenc range, the RF drive to the acousto-optic cells *should be at a minimum

A# while the laser power should be at a maximum. To date, no saturation has been observed in
the photodetector array or its associated output electronics. However, the signal-to-noise
out for two CW tones input to the system was measured at 56 d.
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Ignoring the first two terms as they are DC terms, dropping the scale factor of two, and

setting a-u yields:

Detector Output -'Re [s(t-x)e j ut) s(t-x)'cos(wt) (5)

which simply represents the original h(t) signal reproduced at each spatial position x with

a time delay of x/v (v-l).

With each detector element-reproducing one!BPSK element, the BPSK elements can then be
switched to one of the two summing busses. The BPSK elements are then integrated across

the detector array onto the two summing busses, with the output dependent on the relative
phases of the BPSK elements integrated together. With a specific mask pattern programed

into the detector switches, the outputs of the two suimuing busses are subtracted electric-
ally, thereby producing the true correlation function between the detector mask pattern
and the BPSK signal pattern, as follows:

Let: f(x) - detector mask pattern, where f(x) - 1 or -1 in desired correlation pattern.

If f(x) - 1, the output of that detector is directed to the positive summing bus. If
f(x) - -1, the output of that detector is directed to the summing bus which will be sub-
tracted.

From (5), each detector output - s(t-x)cos(wt), thus the total output g(t) is:

9(t) - [s(t-x)cos(wt)]f(x)dx (6)

g(t) = cos(Wt)fs(t-x)f(x)dx (7)

Lquation (7) is simply the cos(wt) carrier nodulated by the convolution of the BPSK signal
-nd the detector pattern. If the detector is programmed with the time reverse of the

sired correlation pattern, i.e., the detector pattern - f(-x), the output becomes the-
correlation of s(t) and f(x) modulating the cos(wt) carrier.

g(t) - cos(Wt)fs(t-x)f(-x)dx (8)

This correlator is exactly identical to a matched filter for the expected tPSr'signal.

Experimental Implementation

The Excisor correlator as described was implemented using the architecture of Fig. 2.
Fig. 3 is a photograph of the experimental set-up. In the actual implementation, the
imaging lens system uses a standard 35 mm camera zoom lens. The zoom lens was chosen
to allow for easy adjustment of the scaling of the BPSK keying elements in the Bragg cell
to the detector element size. This is necessary as the scale factor will vary for different
keying rates. The Bragg cell used was a 20 MHz, 50 us TeO 2 slow-shear wave device driven at
approximately 150 milliwatts of .RF power centered at 48 MYz. The two outputs of the detect-
or busses were amplified by 55 dB and connected to two inputs of an oscilloscope vertical
amplifier. The subtraction was accomplished by inverting one channel and adding the two
channels. The correlator output is then displayed on the oscilloscope. Fig. 4 is a photo-
graph of the oscilloscope display. The input signal for this output was the 48 Maz carrier
being modulated by a 127 element long psuedo-random sequence clocked at 4 Mz. For this
keying rate, the necessary scale factor for the imaging lens was approximately a five-to-
one reduction. The detector was prograrned with 100 consecUtive elements'of the 127 element
long sequence. Computer simulation of this correlation showed that the ratio of the peak
correlation value to the second-highest value should have been approximately 8.3. Examin-
ation of Fig. 4 shows that. the. experimental result is about 3.75. This rather ppor agree-
ment with the theoretical value can be attributed to the fact that the optical system was
not optimal. The optical beam at the detector was not uniformly distributed and led to
uneven contributions from the detector elements. The 3.75 ratio would indicate that only
about half of the detector elements were actually contributing tothe correlation value.
" wever, Fig. 4 does show adefinite correlation peak and was adequate to prove the feas-

ility of this correlator architecture. Optimization of the optical system should improve
e results of the experiments and that remains to be done.

Summary

The feasibility of using the Excisor detector as a comkination mask-photodetector has
been demcnstrated. The pr.-ary advantage of using this detector is its ability to be
electronically ;rogrammed with static patterns. Th.s. feature makes it attractive for use
in severa! jiqnal processing ayplicatl .ons.
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SAbstract

Correlation of signals Against a static mask is frequently used in signal processing.
- Many times it is useful to be able to rapidly change the mask. The programmable Excisor
detector array can provide this capability when used as a combination mask and detector in
an optical space integrating correlator. Such a correlator is described and experimental
results are presented.'

Introduction

Correlation of a signal against a fixed mask1 is frequently used in signal processing to
identify signa., types and parameters. Many times the ability to frequently change the mask
is desirable. The Excisor detector can provide this capability when used as both mask and
detector in an optical space integrating correlator. The inhrent electronic prograrming
capability of the Excisor detector provides the flexibility required to make it useful in
an operational system.

The Detector

The Excisor detector is a linear array of photodiode elements whose outputs can be
individually switched to one of xwo current summing busses

2 . The photodiodes are'switched
by MOSFET switches located on both sides of the photodioes. The gates of the-switches
are connected to- the output of two parallel shift registers containing- complementary data
(Fig. 1). Thus, the diodes are switched by. loading the appropriate data into the shift
registers. The present design has a 100 element array with a bandwidth of-L&0 MEz and 35 dB
of isolation between dio~es. The center-to-center spacing of the diodes is 33 microns.
This detector was originally developed to perform frequency Excision

3 ,-hence, the name
Excisor detector.

The Correlator

The correlator was implemented utilizing a Mach-Zender interferometer as shown in Fic. 2.
The input signal, h(t), is assumed to be a hi-phase shift keyed (BPSK) RF signal of known
and fixed keying rate. The Bragg cell is imaged onto the detector such that the image of
one EPSK keying element is exactly the same length as the center-to-center spacing of the
detector elements. As the detector is a square-law device, the mixing of the diffracted
team and reference beam, with the appropriate tilt, reproduces one keying element of the
original h(t) in each detector element, as follows.

Let: h (t)=- (t)cos (wt)

where s(t)-l or -1 in any arbitrary pattern.

Light A.plitude (diffracted) - s(t-x/v)ejw(tx/v) (1)

where x is the direction along the acoustic axis of the Bradg--cell and v is the velocity of
acoustic propagation in the Bragg cell. V will be assumed to be unity for simplicity.

The e jw(tx/V)term.is a doppler'shift of the light arising fro6 the moving signal in the
Bragg cell'. The e3Wlight term is assumed but not carried through.

Addition of the unity amplitude reference beam produces:

Light A .plitude (ccmbined) - s(t-x)e J(tX).e 
j x  (2)

where a is the angle of tilt between the undiffracted and reference beams.

4 tUsing tte square law property of the detector:

Detector Output - s(t-xe 
.w(tx)+ejx l2  (3)

... -: :. s't-xle~l t ( * } ]  (4)

'IK
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